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[57] ABSTRACT

l-{a-(Carboxy)-4-hydroxybenzyl]-38-aminoazetidin-
2-one esters are prepared by converting 2-acyl-3,3-dial-
kyl-7-oxo0-a-[4-(benzyloxy)phenyl]-4-thia-2,6-
diazabicyclo[3.2.0}-heptane-6-acetic acid esters with
mercuric acetate in an aqueous organic solvent mixture,
e.g., In aqueous methanol, to 7-oxo-3-phenyl-a-[4-ben-
zyloxy)phenyl]-4-oxa-2,6-diazabicyclo[3.2.0]hept-
2-ene-1-acetic acid esters and the latter are reacted with
PCls and pyridine to provide the monocyclic 1-[a-(car-
boxy)-4-benzyloxybenzyl]-38-(a-chloroben-
zylideneamino)-4-chloroazetidin-2-one esters. Reduc-
tion of the dichloro azetidin-2-one with an organo tin
hydride and azobisisobutyronitrile affords the des-
chloro, I-[a-(carboxy)-4-benzyloxybenzyl]-38-ben-
zylideneaminoazetidin-2-otie ester. The latter is hydro-
lyzed and the 4-benzyloxy group is cleaved via catalytic
hydrogenolysis to yield an ester of 1-[a-(carboxy)-4-
hydroxybenzyl]-38-aminoazetidin-2-one. The 33-amino
ester 1s useful for the preparation of the antibiotic FR
1923 (nocardicin).

3 Claims, No Drawings
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4-OXA 2,6 DIAZABICYCLOHEPTANE
DERIVATIVES

This is a division of application Ser. No. 775, 240 filed 5

Mar. 7, 1977, now U.S. Pat. No. 4,127,568.
BACKGROUND OF THE INVENTION

This invention is concerned with a chemical process

for preparing substituted azetidin-2-ones. In particular it 10

1s concerned with a process for the preparation of cer-

tain 38-aminoazetidin-2-ones which are useful interme-

diates in the synthesis of azetidin-2-one antibiotics for
example the antibiotic FR 1923.

The antibiotic FR 1923, also referred to as nocardi-
cin, has been previously described, for example in Bel-
gium Patent No. 830,934 and by H. Aoki et al., 15th
Interscience Conference on Antimicrobial Agents and
Chemotherapy, Abstract No. 97, September, 1975.
Nocardicin has the following structural formula.
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wherein R is C;-C3 alkyl, phenyl, or benzyl; both of R’
are methyl or ethyl; R; is methyl, benzyl, 4-methoxy-
benzyl, or diphenylmethyl; and R, is benzyl, 4-
methoxybenzyl, or diphenylmethyl; is reacted with
mercuric acetate in an aqueous organic solvent to pro-
vide the fused bicyclic “oxazolineazetidinone” repre-
sented by the formula 2.

R

O H
D ||
Hooc--(I:H—CHg—CHz—o ﬁ-c-—N—[——r
| | D
NH> 1;1 o N—(|3H OH .
- OH COOH
R
A
N O
R e
= N—C OR»

Antibiotic FR 1923 has been obtained by culturing
Nocardia uniformis var. Tsuyamanensis ATCC 21806 as

described by U.S. Pat. No. 3,923,977 1ssued Dec. 2, 40

1975.

This invention provides a process for preparing the
“nucleus” of nocardicin represented by the following

formula,
H>N
D
N—CH

.-
0% |
COOH

OH

and esters and hydroxy group derivatives thereof.

The nocardicin nucleus is useful in the preparation of
nocardicin via acylation with an amino-protected and
esterified derivative of 4-(3-amino-3-carboxypropoxy)-
phenylglyoxylic acid, the acyl side chain of nocardicin.
The acylation product, a 38-phenylglyoxamide azeti-
din-2-one is deblocked and de-esterified and is con-
verted to nocardicin by formation of the oxime deriva-
tive. The synthesis of the acyl side chain of nocardicin
and the amino-protected esters thereof is described in

co-pending application Ser. No. 739,160 filed Nov. 5,
1976.

DETAILED DESCRIPTION

According to the process of this invention, the fused
bicyclic “thiazolidine-azetidinone” represented by the
formula 1
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COOR;

wherein R, R; and R have the same meanings as de-
fined above.

The oxazoline-azetidinone is reacted with phospho-
rus pentachloride in the presence of pyridine to effect
the opening of the oxazoline ring and provide the chlo-

rinated 3.3- 1m1noazet1d1n-2-one represented by the for-
mula 3

aut
N“%J
COOR;

Reduction of (3) via a free radical reduction with an
organotin hydride, e.g. a trialkyltin hydride, and azobis-
1sobutyronitrile affords the des chloro-imino-azetidin-
2-one represented by the formula 4.

T
N“%Z

COOR|

The 3B~1m1noazet1dm-2-.-ene (4) 1s hydrolyzed to the
33-aminoazetidin-2-one represented by the formula 5.
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The thtazolidine azetidinone represented by the for-
mula 1 which is the starting material employed in the
process of this invention 1s named formally as a 2-acyl-
3,3-dimethyl(or  diethyl)-7-oxo-a-[4-(benzyloxy, p-
methoxybenzyloxy or diphenylmethyloxy)phenyl]-4-
thia-2,6-diazabicyclo[3.2.0]heptane-6-heptane-6-acetic
acid, methyl, benzyl, 4-methoxybenzyl, or diphenyl-
methyl ester. For convenience of description, the com-
pounds represented by the formula 1 are referred to
herein as thiazolidine-azetidinones. The preparation of
these thiazolidine-azetidinones will be described herein-
after.

In carrying out the process of this invention, the
thiazolidine-azetidinone is reacted with mercuric ace-
tate in an aqueous water-miscible organic solvent at a
temperature between about 25" C. and about 100° C. to
form the oxazolineazetidinone represented by the for-
mula 2. Between about 1 mole and about 4 moles of
mercuric acetate per mole of thiazolidine azetidinone is
a suitable ratio of reactants, although excess amounts of
mercurtc acetate can be used. Preferably, 2 moles of
mercuric acetate per mole of starting material are used.

Water-miscible organic solvents which can be used
include the ethers such as tetrahydrofuran, dioxane, and
the dimethyl ether of ethylene glycol; the lower alco-
hols such as methanol and ethanol: and the nitriles such
as acetonitrile. The amount of water in solution with the
organic solvent is not critical and in general between
about 10 percent and about 60 percent water by volume
1s a suitable amount. The preferred aqueous solvent is
aqueous tetrahydrofuran containing between about 10
and 60 percent water.

The reaction can be carried out at room temperature
or with heating at steam bath temperatures.

In performing the process of this invention, it is pref-
erable to obtain the oxazoline-azetidinone relatively
free of contaminants prior to its use in the succeeding
step of the process. Accordingly, following the reac-
tion, the reaction mixture ts filtered to remove isolubles
and the filtrate ts extracted with a water immiscible
organic solvent. Solvents such as ethyl acetate, amyl
acetate, chloroform, or methylene chloride are suitable
extractants. The extract 1s washed, dried, and evapo-
rated to provide the oxazoline-azetidinone as a residue
suttable for use 1n the next reaction of the process. Al-
ternatively, the product can be obtained in crystalline
form by crystallization from a suitable solvent such as
diethyl ether.

The oxazoline-azetidinone formed as product in the
above-described reaction is represented by the forego-
ing formula 2 and is formally named a 7-oxo-3-alkyl(-
phenyl or benzyl)-a-[4-benzyloxy, p-methoxyben-
zyloxy or  diphenylmethyloxy)phenyl]-4-oxa-2,6-
diazabicyclo[3.2.0.]hept-2-ene-1-acetic acid, methyl,
benzyl, 4-methoxybenzyl, or diphenylmethyl ester.

The oxazoline-azetidinone obtained as described
above 1s chlorinated with a phosphorus or antimony
chloride to provide the dichloro compound, a 1-|a-
(benzyloxycarbonyl, methoxycarbonyl, 4-methoxycar-
bonyl, or diphenylmethoxycarbonyl)-4-benzyloxy, 4-
methoxybenzyloxy, or diphenylmethoxybenzyl]-38-(a-
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4

chloroimino)-4a-chloroazetidin-2-one represented by
the foregomng formula 3.

The chlorination is carried out under anhydrous con-
dittons with phosphorus pentachloride or phosphorus
trichloride in an inert solvent. Antimony tri or penta-
chloride can also be used as the chlorinating agent,
however, phosphorus pentachloride is preferred. The
chlorination can be carried out at a temperature be-
tween about — 10° C. and about 45° C. and prefecrably at
room temperatures of about 20°-25" C.

“Inert solvents” are solvents which are unreactive
under the chlorination conditions of the process, for
example, the chlorinated hydrocarbon solvents such as
chloroform, methylene chloride, dichloroethane, and
trichloroethane are suitable inert solvents.

The reactton is carried out in the presence of a ter-
tiary organic amine which serves as a hydrogen chlo-
ride acceptor. Tertiary amines such as pyridine, the
methylated pyridines, quinoline, or the tertiary alkyla-
mines, for example, triethylamine can be used. Pyridine
1s preferred.

The phosphorus or antimony chloride is employed in
excess, for example, between about a tenth molar and 2
molar excess per mole of oxazoline-azetidinone. The
tertitary amine, for example, the preferred pyridine is
employed in an amount equimolar with the phosphorus

or antimony chloride.
The reaction is carried out by adding the chloride to
a solution of the oxazoline-azetidinone in the inert sol-

vent. The tertiary amine is added and the reaction mix-
ture 1s agitated by stirring or shaking until the reaction
1s completed. The dichloro product is recovered by
diluting the reaction mixture with water or brine below
room temperatures and preferably about 0°-5° C. and
separating the organic layer containing the product.
The organic layer is washed, dried, and evaporated to
provide the dichloro product as a residue. The product
can be further purified; however, further purification is
unnecessary tn the process of this imnvention.

The 3B-(a-chloroimino)-4a-chloroazetidin-2-one,
product of the chlorination, is subjected to reduction
with an organo tin hydride under free radical reduction
conditions inttiated with azobisisobutyronitrile. The
reduction effects the replacement of both chlorine
atoms with hydrogen atoms to provide the des chloro
azetidin-2-one reduction product, a 1-[a-(methyl, ben-
zyl, 4-methoxybenzyl, or diphenylmethoxycarbonyl)-4-
benzyloxy, 4-methoxybenzyloxy, or diphenylmethox-
ybenzyl]-38-benzylidene(or alkylidene)aminoazetidin-
2-one represented by the formula 4.

The reductton 1s carried out in an inert solvent under
essentially anhydrous conditions. Aromatic hydrocar-
bon solvents such as benzene, toluene, and the xylenes
provide a suitable medium for the reaction. Toluene is a
preferred solvent.

Organo tin hydrides which can be employed in the
process are represented by the following formula

Ry—Sn—H

wherein R3, R4, and R5 independently are C{-C4 alkyl,

phenyl, or phenyl substituted by methyl or chloro.
Examples of such tin hydrides are the trialkyl tin

hydrides such as tri(n-butyl)tin hydride, tri{n-propyi)tin
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hydride, trimethyltin hydride, and trlethyltm hydrlde

the triaryltin hydrides such as triphenyltin hydride, and-

tri(p-tolyl)tin hydride; and the mixed alkyl and mixed
alkyl aryltin hydrides such as di(n-butyl)phenyltin hy-
dride, dimethylethyltin hydride, and diphenylmethyltin
hydride. - |

- A preferred tin hydride is tri(n-butyl)tin hydride.
The organo tin hydride is employed in a molar ratio
~of 2:1, i.e., 2 moles of organo tin hydride per mole of

33-(a-chloroimino)-4a-chloroazetidin-2-one. A slight 10

excess of the tin hydride can be used without deleteri-
ous effect on the reaction product and may be used
where trace amounts of water may be present.

The azobisisobutyronitrile, formally named 2,2'-
azobis(2-methylpropionitrile) and represented by the
following structural formula

—C—(CHz3)

I
CN

(CHJ)z“(E—N—
CN

is employed in the reduction in an amount equimolar
with the tin hydride.

The reaction is carried out at a temperature between
about 65° C. and about 85° C. and preferably at about
70° C.

The reaction is performed by adding the organo tin
hydride and the azobisisobutyronitrile to a solution of
the  3B-(a-chlorobenzylideneamino) or 38-(a-
chloroalkylideneamino)-4a-chloroazetidin-2-one in the
dry aromatic hydrocarbon, for example, toluene at or
about room temperature. Freshly distilled solvents are
preferred. After addition is complete, the reaction mix-
ture is heated to a temperature between about 65° C.
and about 85° C. with stirring. During the reaction, it is
preferable to exclude atmospheric moisture by main-
taining the mixture in an atmosphere of nitrogen. The
~course of the reaction can be followed by thin layer
chromatography. When the reaction is complete, the
mixture 1S diluted with an organic water-immiscible
solvent such as ethyl acetate and is washed with dilute
base and water 1s dried, and evaporated to provide the
33-benzylideneaminoazetidin-2-one or al-
kylideneaminoazetidin-2-one (formula 4). The product
can be obtained crystalline from a suitable solvent, for
example, toluene or benzene, on cooling.

In the last step of the process of this invention, the
3B-iminoazetidin-2-one is converted under acidic condi-
tions to the 3B-aminoazetidin-2-one represented by the
formula 5. The 38-benzylideneaminoazetidin-2-one or
3B-alkylideneaminoacetidin-2-one (4) employed in the
acid removal of the benzal or alkylidene group can be
purified crystalline material obtained in the organo tin
hydride reduction step or crude material. In the final
step of the process, it is preferable to employ the crude
3B-benzylideneamino (or alkylideneamino)azetidin-
2-one obtained in the tin hydride reduction as described
above. The 3(B-aminoazetidinone (5) is obtained as the
salt formed with the acid employed.

Acids which can be used include the mineral acids
such as hydrochloric acid, sulfuric acid, or phosphoric
acid and the organic sulfonic acids such as the lower
alkylsulfonic acids, for example, methanesulfonic acid,
ethanesulfonic acid, and propanesulfonic acid; the aro-

matic sulfonic acids such as benzenesulfonic acid, the

toluenesulfonic acids, and a or B-naphthylenesulfonic
acid. Preferred amds are hydrochlorlc acid and p-tol-
uenesulfonic acid.

6
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2-one: (4) 1s dissolved in a water immiscible organic
solvent such as an ester, for example, ethyl acetate or
amyl acetate; a chlorinated hydrocarbon, for example,
methylene chloride or trichloroethane; and the solution -
1s shaken with excess hydrochloric acid, e.g.,, 1 N-
hydrochloric acid. The organic phase is separated,
dried, and evaporated to dryness to provide the 38-
aminoazetidin-2-one (5) hydrochloride. The product
can be purified by trituration with petroleum ether or
by recrystallization.

Alternatively, the benzal or alkylidene group of (4)
can be removed to provide the 38-aminoazetidin-2-one
in the following manner. The crude tin hydride reduc-
tion product (4) is dissolved in diethyl ether and the
solution is cooled to about 0°-5° C. in an ice-water
mixture. Hydrogen chloride is bubbled through the
cold solution with stirring. The solution is then allowed
to warm to room temperature with continued stirring.
The solution is evaporated to dryness in vacuo and the
residue of 383-aminoazetidinone hydrochloride is puri-
fied by trituration with diethyl ether or petroleum
ether.

Preferably, in the process of this invention, crude (4)
1s converted to (5) with p-toluenesulfonic acid. For
example, (4) is dissolved in ethyl acetate or other suit-
able solvent and a slight excess of p-toluenesulfonic acid
monohydrate is added to the solution. The benzal group
1s rapidly removed as shown by the disappearance of
the imine via thin layer chromatography (silica gel,
benzene:ethyl acetate, 7:3). On standing, or with cool-
ing, the p-toluenesulfonic acid salt of the 38-aminoazeti-
din-2-one forms as a crystalline precipitate. |

The 3B-aminoazetidin-2-one salts are readily con-
verted to the 38-amino compound (5) as the free amine
as follows. The salt is dissolved in a suitable water im-
miscible solvent, for example, ethyl acetate and the
solution is shaken vigorously with an aqueous solution
of a base such as sodium or potassium bicarbonate or
sodium or potassium carbonate. The organic layer is
separated, dried, and evaporated to provide the free
amine (5) as a residue. The 38-aminoazetidin-2-one
obtained is generally of sufficient quality for use in the
preparation of nocardicin as described hereinafter.
Thus, in the process of this invention, the crude organo
tin hydride reduction product (4) is converted to the
3B-amino compound (5) via the acid salt. The direct
preparation of the salt form provides for the purification
of the 38-aminoazetidin-2-one nucleus (5). Should fur-
ther purificatton of (5) be necessary, it can be achieved
by chromatography over silica gel.

Representative of the 38-aminoazetidin-2- -ones pro-
vided by the process of this invention are 1-[a-(ben-
zyloxycarbonyl)-4-benzyloxybenzyl]-38-aminoazeti-
din-2-one, 1-[a-(methoxycarbonyl)-4-benzyloxyben-
zyl}-38-aminoazetidin-2-one, 1-[{a-(4-methoxybenzylox-
ycarbonyl)-4-benzyloxybenzyl}-38-aminoazetidin-
2-one, l-[a-(diphenylmethoxycarbonyl)-4-diphenylme-
thoxybenzylj-38-aminoazetidin-2-one, 1-[a-(4-methox-
ybenzyloxycarbonyl)-4-diphenylmethyloxybenzyl}-33-
aminoazetidin-2-one and 1-[a-(diphenylmethoxycar-
bonyl)-4-benzyloxybenzyl]-38-aminoazetidin-2-one.

As mentioned previously, the starting material em-
ployed in the process i1s the bicyclic thiazolidineazetidi-
none represented by the foregoing formula 1. The
thiazolidine-azetidinone is prepared as described in co-

pending application Ser. No. 739,161 filed Nov. 5, 1976.
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According to the described process a 2,2-dialkyl-3-
acylthiazolidine-4-carboxylic acid having the L-con-
figuration is reacted with an ester of a 4-hydroxy-

protected D-phenylglycine to obtain the corresponding
amide (A) as shown in the following reaction scheme.

O R R’
| P
R—C-~N S +
COOH
Hﬂ%—?H O—ﬁb“——€>
COOR;
O KR R’
[
R~—C—N S
(|:=
Il\T""H
?H OR>
COOR 4
A

In the above formulas R, Ri, Ry, and R’ have the
same meanings as previously defined.

The preparation of the amide (A) is carried out by
reacting the active ester of the thiazolidine-4-carboxylic
acid formed with 1-hydroxybenzotriazole with the es-
terified and hydroxy-protected phenylglycine in the
presence of dicyclohexylcarbodiimide.

The thiazolidine amide (A) is converted to the cyclic
thiazolidine-azetidinone represented by the formula 1 as
shown in the following scheme.

0O R_ __R
| X

A + benzoyl peroxide —-}R—C—N S

-

7
NH

|
CH

|
COOR;

I
0—Céo

OR>

OR;
COOR;
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-continued
O R._ _R
Na(H X
C R—C—N S

COOR;

(D)

As shown in the above reaction scheme, the thiazoli-
dine amide is first converted to the 5a-benzoate deriva-
tive (B) by reacting (A) with benzoyl peroxide. The
reaction 1s carried out by heating the amide in an inert
solvent with benzoyl peroxide. Suitable solvents in-
clude the hydrocarbon solvents such as benzene and
toluene, or the chlorinated hydrocarbon solvents such
as methylene chloride and chloroform. An excess of
benzoyl peroxide is employed and preferably between
about a 2 and 4 molar excess.

The 5a-benzoate (B), which can be purified and sepa-
rated from unreacted starting material by chromatogra-
phy over silica gel, is then reacted with hydrogen chlo-
ride in an inert solvent at a temperature between about
—20° and 0° C. to form the corresponding Sa-chloro

thiazolidine amide represented by the above formula C.
The reaction is conveniently carried out in a chlori-
nated hydrocarbon solvent such as methylene chloride

or chloroform and the progress of the reaction can be
followed by thin layer chromatography.

The 5a-chloro compound (C) on treatment under
anhydrous conditions with a strong base such as sodium
hydride or 1,5-diazabicyclo[5.4.0Jundec-5-ene (DBU)
undergoes cyclization to form the bicyclic thiazolidine-
azetidinone represented by the formula 1.

The cyclization to form (1) is carried out at a temper-
ature between about 0° and 30° C. in an inert solvent.
Suitable solvents include those previously mentioned in
connection with the foregoing reactions, for example,
the halogenated hydrocarbon solvents such as chloro-
form, methylene chloride, and trichloroethane. The
product (1) of the cyclization is best purified for use in
this process by chromatography over silica gel. Gradi-
ent elution employing a gradient of benzene to benzene-
ethyl acetate (7:3, v:v) is a suitable chromatographic
system for the purification of compound (1).

The 3-acylthiazolidine-4-carboxylic acid (A) is pre-
pared by heating excess acetone or diethyl ketone with
L-cysteine at the reflux temperature.

In a preferred embodiment of this invention, the
thiazolidine-azetidinone represented by the foregoing
formula 1 wherein R is phenyl, each of R’ is methy}, and
R1 and R; are both benzyl, is reacted with mercuric
acetate in tetrahydrofuran containing 50 percent by
volume of water to form the oxazoline-azetidinone rep-
resented by the formula 2 wherein R is phenyl and both
R1and R;are benzyl. The oxazoline-azetidinone is chlo-
rinated at about 20°~25° C. with phosphorus pentachlo-
ride in methylene chloride in the presence of pyridine to
form the correspondingly substituted 33-(chloroben-
zylideneamino)-4a-chloroazetidin-2-one represented by
the formula 3 wherein R is phenyl and R; and R, are
both benzyl. The dichloro product is reduced in toluene
at about 70° C. with tri(n-butyl)tin hydride and azobis-
1sobutyronitrile to provide the deschloro reduction
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product. Without purification the crude deschloro re-
duction product, 1-[a-(benzyloxycarbonyl)-4- benzylox-

0
I

Rg—O=C—CH=-—CH)»—CH;—0

|
lI\T—H
R7

o
I

Rg—0O—C= CH—'CH;;—CHQ"O

|
|
R7

ybenzyl]-38-benzylideneaminoazetidin-2-one, is dis-
solved in ethyl acetdate and the solution treated with
p-toluenesulfonic acid monohydrate to precipitate as
the p-toluenesulfonate salt, 1-[a-(benzyloxycarbonyl)-4-
benzyloxybenzyl]-38-aminoazetidin-2-one represented
by the formula 5 wherein both R; and R; are benzyl.
The tosylate salt of the nucleus ester is treated in ethyl
acetate with a dilute aqueous solution of sodium bicar-

bonate to form the 38-amino nucleus ester represented
by the following formula

S
N

e
0% \
CH

|
COOCH,é

O—CH)y—¢

The 33-aminoazetidin-2-one ester represented by the
formula 5 possesses a center of asymmetry at the a-car-
bon attached to the nitrogen atom of the azetidine ring.
The compound in the D-configuration is preferred
Accordingly, in carrying out the process of this inven-
tion, the thiazolidine-azetidinone starting material rep-
resented by the formula 1 having the D-configuration is
employed. |

During the preparation of the thiazolidine- azetldl-
none starting material as described above, the cycliza-
tion reaction of C to form the bicyclic thiazolidine-
azetidinone (1), epimerization can occur. For example,
the 2,2-dialkyl-3-acyl-5-chlorothiazolidine-4-carboxa-
mide (C) prepared with D-phenylglycine affords C
having the D-configuration. Cyclization of C to 1 is
accompanied by epimerization at the asymmetric center

resulting in the preparation of (1) as a mixture of D and
L 1somers. The desired D-isomer can be separated from

the L-isomer by fractional crystallization. For example,
a solution of the mixture of isomers in ethyl acetate on
cooling and standing first deposits crystals of the less
soluble D-isomer and the filtrate on dilution with petro-

leum ether affords a crystalline precipitate of the L-iso-

mer. |

- The process of this invention provides the hydroxy-
protected and esterified nocardicin nucleus 5, which is
useful in the synthesis of nocardicin. Accordingly, the

33-aminoazetidin- 2-one ester 5 is acylated with an

amino-protected ester of 4-(D-3-amino-3- carboxy-

propoxy)phenylglyoxylic acid O-acyl oxime to form

10

the amino-, carboxy- and hydroxywprotected nocardicin
as 1llustrated in the following reaction scheme.

O

I
C—C—OH + 5

|7
|

N—O—C—Rgy

i 7

S
N
| coon1

O—C(O)Rg

20 Rgrepresents a carboxylic acid-protecting group which
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1s readily removable under acidic conditions for exam-
ple diphenylmethyl, benzyl, 4-methoxybenzyl, 2,4,6-
trimethylbenzyl, or phthalimidomethyl; R7 represents
an amino-protecting group for example, the t-butylox-
ycarbonyl group; R and R; have the same meanings as
previously defined herein; and Rgis acetyl, chloroacetyl
or dichloroacetyl.

The above depicted acylation to form the FR 1923
precursor can be carried out by coupling the glyoxylic
acid O-acyl oxime with the free 38-amino nucleus com-
pound (5) with a condensing agent such as a carbodiim-
ide or by forming a mixed anhydride of the acid and
reacting the anhydride with the 33-amino nucleus in the
presence of triethylamine,

The preferred acylation method is the former
wherein the acid is condensed with the amine nucleus
with the aid of a condensing agent. For example, the
3B-amino nucleus ester (5) is reacted in an inert solvent
such as methylene chloride or tetrahydrofuran with the
amino-protected and carboxy-protected phenylglyoxy-
lic acid O-acetyl oxime in the presence of an equimolec-
ular amount or a small excess of a carbodiimide such as
dicyclohexylcarbodiimide. The reaction mixture is
maintained substantially anhydrous for best results. The
reaction is carried out with stirring at about room tem-
perature. After the reaction-is complete, the insoluble
dicyclohexylurea is filtered and the protected nocardi-
cin is recovered from the filtrate.

The protected nocardicin. is deblocked to provide
nocardicin. For example, the protected nocardicin of
the above formula wherein R and R are benzyl, Rg is
diphenylmethyl, R7 is the t-butyloxycarbonyl (BOC)
amino-protecting group, and Rgis acetyl, is first reacted
with trifluoroacetic acid at about room temperature to
effect the removal of the diphenylmethyl ester group
Rﬁ, the BOC group R7, and the O-acetyl group of the
oxtme. Thereafter the benzyl groups Ry and R, are
removed by treatment of the partially de-blocked mole-
cule with aluminum chlorlde 1t an inert solvent contain-
ing anisole. :

Alternatively the acylation can be carried out with a
mixed anhydride of the phenylglyoxylic acid. Suitable
mixed anhydrides can be prepared with methyl chloro-
formate or isobutyl chloroformate. The acylation of the
amino nucleus ester (5) is carried out at about 3° to
about 25° C. with stirring in a suitable solvent such as
methylene chloride or tetrahydrofuran in the presence
of a tertiary. amine preferably triethylamine. The reac-
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tion is carried out under substantially anhydrous condi-
tions.

The acylation product is next converted to the oxime

12
trialkyl or triarylphosphine, and preferably triphenyl-

phosphine, and diethyl azodicarboxylate to form the
amino-protected diester of the formula

O H O
Rﬁ"“oﬂg“(lj""CHZ“"CHZ“"O g—COC&—CHz NO»
NH
R

via reaction with hydroxylamine hydrochloride in an
inert aqueous solvent in the presence of a hydrogen
halide acceptor to provide the esterified and amino-
protected nocardicin. Following the formation of the
oxime, the ester groups R¢ and R 1, the amino-protecting
group R7, and the hydroxyl-protecting group R are
removed to provide the antibiotic nocardicin.

The amino-protected and esterified phenylglyoxylic
acid is prepared by the method described in co-pending
application Ser. No. 739,160, filed Nov. 5, 1976. As
described therein an amino-protected salt of D-methio-
nine of the formula

15

20

ﬁ‘ 25
M—O—C—(lj—CHg—CHz—S—CHg
NH

|
R7

O
|

30
for example the salt wherein M is dicyclohexylam-
montum and R7 1s as previously defined herein, 1s con-
verted to the trimethylsilyl ester and is alkylated on the
sulfur atom with an alkyl or benzyl iodide, for example
methyl 1odide and the alkylsulfonium iodide of the for-
mula

35

H
| + |
(CH;);Si—O—C—?—CHg—CHg—Sl-CH3 40

NH CH3

I
R7

O
|

1s reacted in an inert solvent with potassium t-butoxide
to form the cyclic amino-protected D-homoserine lac-
tone of the formula

45

50

The lactone is hydrolyzed with an alkali metal hydrox- 55
ide to the amino-protected D-homoserine alkali metal
salt of the formula |

H H

|
R-;—N—(l}—-CHZ—CHg—OH
COOM’

60

wherein M’ 1s sodium or potassium, and the latter is
esterified e.g., with diphenylmethyl bromide. The ester- 65
ified D-homoserine 1s then coupled with a 4-hydroxy-
phenylglyoxylic acid ester, for example, the p-nitroben-
zyl ester, the coupling reaction being carried out with a

The p-nitrobenzyl ester group is selectively de-esteri-
fied by reduction methods whereby the other ester R,
which i1s selected from among the acid-labile ester
groups, remains substantially intact. For example, the
p-nitrobenzyl ester group i1s removed via reduction with
sodium sulfide. The ester group Rg which is an acid
sensitive group such as the diphenylmethyl group re-
mains unaffected under the reduction conditions. The
selective de-esterification product, the phenylglyoxylic
acid, is represented by the formula

O H

| -
Rf‘,—O—C—(l:—CHZ—CHz'"O
NH

l
R7

I
C—COOH

In a further aspect of this invention the oxazoline-
azetidinone intermediate (2) is prepared by reacting a

3-acylamino-4a-acetoxyazetidin-2-one  ester repre-
sented by the formula
O
O H |
i .0—C—CH;
aasu!
= N
O
\lc_ 0—R;
H 'COOR;

in an inert solvent with hydrogen chloride.

In the foregoing formula R, Ry, and R; have the same
meanings as defined hereinabove.

The reaction is carried out at a temperature between
about — 10° C. and about 25° C., preferably at about 0°
C. Inert solvents which can be used are the halogenated
hydrocarbon solvents such as chloroform, methylene
chloride, dichloroethane, and trichloroethane.

The reaction is carried out by passing hydrogen chlo-
ride into a solution of the 3-acyl-4a-acetoxyazetidinone
ester until excess hydrogen chloride is present. Gener-
ally, the solution is saturated with the gas for best re-
sults. Preferably, the reaction is carried out at about 0°
C. to about 5° C.

The oxazoline-azetidinone product is recovered by
conventional isolation procedures. For example, the
reaction mixture is evaporated to dryness and the resi-
due containing the crude product is dissolved in ethyl
acetate. The solution is washed with a dilute base such
as a dilute solution of sodium bicarbonate, is dried and
optionally treated with carbon, and evaporated to dry-
ness to obtain the oxazoline-azetidinone.

In a preferred embodiment of this aspect of the inven-
tion, the 3-benzoylamino-4a-acetoxyazetidinone repre-
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sented by the above formula wherein R is phenyl, and
Ry and R; are both benzyl is dissolved in methylene
chloride and the solution is saturated with hydrogen
chloride at a temperature of 0° C. to provide the 0Xazo-
line-azetidinone represented by the formula 2 wherein 3
R is phenyl and R; and R are both benzyl.
The 3-acylamino-4a-acetoxyazetidinone ester repre-
sented by the foregoing structural formula is prepared

according to the method described by co-pending appli-
cation Ser. No. 753,980 filed Dec. 23, 1976. As de-

14

33-(a- chlorobenzyhdeneammc)-ﬁia chloroazetidin-
2-one.

Preferred compounds of the above formula are those
havmg the D—conﬁguratlon A fturther preferred group
1s represented when R is phenyl and Ri and R, are
benzyl or diphenylmethyl. An especially preferred in-
termediate of the above formula is represented when R
1s phenyl and both R and R are benzyl.

The following examples are provided to further illus-

10 trate the process of this invention and the preparation of

scribed therein a thiazolidine-azetidinone represented
by the above formula (1) is reacted in acetic acid with

mercuric acetate to form a 3-(N-propenylacylamino)-

4a-acetoxyazetidinone ester represented by the formula

15

the intermediates useful therein, and are not intended to
limit the scope of this invention.

The abbreviations used in the examples refer to the
following: ¢=phenyl, TLC=thin layer chromatogra-
phy, TMS=tetramethylsilane, BOC =t-butyloxycarbo-
nyl, T60=Varian Associates Model T60 Nuclear Mag-
netic Spectrometer, and in the description of the nu-

(|:H3 clear magnetic spectra, s=singlet, d=doublet, m=mul-
C"""CHz 20 tiplet, q=quartet, and t=triplet.
R_C"'N‘tf EXAMPLE 1

OR,
COOR;

The N-propenylamide is then reacted in a water misci-
ble solvent with a dilute mineral acid such as dilute
hydrochloric acid to effect the hydrolysis of the pro-
penyl group to provide the 3-acylamino-4a-acetox-
yazetidinone ester.

In a further aspect of this invention, certain novel
compounds are provided which are useful in the pro-
cess of this invention for the synthesis of nocardicin.
One group of such compounds are the previously de-
scribed oxazoline-azetidinones represented by the for-
mula 2. Preferred compounds are represented when in
the formula 2, R is phenyl, R; is benzyl or diphenyl-
methyl, and R; is benzyl or dlphenylmethyl An espe-
cially preferred compound is represented by the for-
mula 2 when R is phenyl and both R and R; are benzyl.

Another group of novel compounds which are useful
intermediates in the process of this invention are the
dichloro and deschloroazetidin-2-ones represented by
the formula

OR>
COOR;

wherein R, Ry, and Ry have the same meanings as previ-
ously defined herein and Z and Z" are both hydrogen or
chloro.

Examples of compounds represented by the above
formula are 1-[a-(benzyloxycarbonyl)-4-benzyloxyben-
zyl]-3B-benzylideneaminoazetidin-2-one, 1-[a-(di-
phenylmethoxycarbonyl)-4-diphenylmethoxybenzyl]-
3f3-benzylideneaminoazetidin-2-one, 1-[a-(methoxycar-

25

30
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45

50

39

60

Preparation of
I-[a(benzyloxycarbonyl)-4-benzyloxybenzyl]-33-
aminoazetidin-2-one

To a stirred solution of 2.29 g. of 2-benzoyl-3,3-
dimethyl-7-ox0- a-—[4-(benzyloxy)phenyl]-4 thia-2,6-
diazabicyclo[3.2.0]heptane-6-acetic acid benzyl ester in
230 ml. of tetrahydrofuran and 230 ml. of water were
added 4.58 g. of mercuric acetate. The mixture was
stirred at room temperature for three hours and was
filtered with the aid of talc. The filtrate was extracted
with ethyl acetate, the extract dried, treated with car-
bon, and then was evaporated to provide the reaction
product as a crude oil. The oil was dissolved in the
minimum amount of diethyl ether and the solution was
seeded with a few crystals of the product. The product,
7-0x0-3-phenyl-a-{4-(benzyloxy)phenyl]-4-oxa-2,6-
diazabicyclo[3.2.0]hept-2-ene-1-acetic acid, benzyl es-
ter, crystallized from solution. The product was filtered
and dried. The yield of first crop product was 1.03 g.
while an additional 0.24 g. of product contaminated
with a residue was obtained from the filtrate. The NMR
spectrum of the first crop of product was in agreement
with the following structural formula of the oxazoline-
azetidinone product. |

vlzl,—o-—CHz—-cp

NMR (CDCl3, TMS): 5.00 (s, CHa); 5.20 (s, CH»), 5.30

(d, CH), 5.50 (s, CH), 6.30 (d, CH) and 6.70-7.75 (m,

aromatic H) delta.

The oxazoline-azetidinone product (500 mg., 0.95
65 mmole of first crop material) was dissolved in 100 ml. of

bonyl)-4-benzyloxybenzyl]-38-ethylideneaminoazeti-
din-2-one, 1-[a-(benzyloxycarbonyl)-4-benzyloxyben-
zyl]-38-phenethylideneaminoazetidin-2-one, 1-[a-(ben-

zyloxycarbonyl)-4-benzyloxybenzyl}-38-(a-chloroben-
zylideneaminc)-4ﬁ-chloroacetidin—Zj—one, and 1-[a-(di-
phenylmethoxycarbonyl)-4-diphenylmethoxybenzyl]-

dry methylene chloride maintained under nitrogen and
600 mg. (2.90 mmole) of phosphorus pentachloride
were added to the solution with stirring. Next, 0.23 ml.
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of pyridine were added and the reaction mixture was

stirred at room temperature for 1.5 hours. The reaction
was followed by TL.C on silica gel using benzene:ethyl

acetate (7:3, v:v). After 1.5 hours almost all of the start-
ing material had reacted and the product occurred on

the TLLC as faster moving material having an Rf of

about 0.9.

The reaction mixture was cooled in an acetone-dry
ice bath and poured into ice cold brine. The methylene
chloride layer was separated, washed with cold brine,
dried, treated with carbon and then evaporated to yield
480 mg. of 1-[a-(benzyloxycarbonyl)-4-benzyloxyben-
zyl]-38-(a-chlorobenzylideneamino)-4a-chloroazeti-
din-2-one as a white foam. The NMR spectrum of the

product was in agreement with the structural formula of 15

the product.

OCH3-¢

'ﬁ—o-—-Cchp
O

NMR (CDCl3;, TMS): 5.02 (s, CHj), 5.24 (s, CH»>), 5.36
(s, CH), 5.42 (d, CH), 5.58 (d, CH), and 6.82-8.08 (m,
aromatic H) delta.

The dichloro product (480 mg., 0.845 mmole) was
dissolved in 10 ml. of freshly distilled dry toluene and
0.423 ml. (1.69 mmole) of tri-(n-butyl)tin hydride and
280 mg. (1.69 mmole) of azobisisobutyronitrile were
added. The reaction mixture was stirred for about one
hour at a temperature of about 70° C. The mixture was
cooled and was diluted with ethyl acetate. The mixture
was then washed successively with an aqueous solution
of sodium bicarbonate, brine, and water and was dried.
After treatment with carbon, the mixture was evapo-
rated to dryness and the residue triturated with petro-
leum ether and filtered. The crude residue (485 mg.)
was dissolved in toluene and refrigerated. A crystalline
impurity was filtered and the filtrate was evaporated to
dryness to yield 350 mg. of the des chloroazetidinone
represented by the following formula.

16
b-CH=N
> 0% N\ O—CHaz¢
Cl'
d -
H ﬁ-—-O-—-CHg-qb
10 O

NMR (CDCl3, TMS): 3.31 (q, CH), 3.98 (t, CH), 4.98 (s,
CH;), 5.17 (s, CH»y), 4.80 (g, CH), 5.67 (s, CH),
6.80-7.80 (m, aromatic H), and 8.33 (s, CH) delta.
The des chloroazetidinone product (350 mg.) was

dissolved in 100 ml. of ethyl acetate and the solution

was shaken vigorously with 30 ml. of 1 N hydrochloric
acid. The organic phase was separated, dried, treated
with carbon and evaporated to dryness. The residue
was triturated with petroleum ether and filtered to yield
1-[a-(benzyloxycarbonyl)-4-benzyloxybenzyll-38-
aminoazetidin-2-one hydrochloride.

The hydrochloride salt was dissolved in ethyl acetate
and the solution was shaken vigorously with an aqueous
solution of sodium bicarbonate. The organic layer was
separated, dried, treated with carbon, and evaporated to
dryness. The residue was dissolved in benzene and
chromatographed twice over silica gel with a ben-
zene—ethyl acetate gradient to yield 100 mg. of the
3B-aminoazetidinone.

NMR (CDCl3, TMS): 1.67 (s, NH>»), 2.80 (m, CH), 3.86
(m, CH), 4.21 (m, CH), 5.06 (s, CH3), 5.18 (s, CHy),
5.59 (s, CH), and 6.80-7.40 (m, aromatic H) delta.

EXAMPLE 2

Preparation of Nocardicin

To a solution of 100 mg. (0.24 mmole) of 1-[a-(ben-
zyloxycarbonyl)-4-benzyloxybenzyl}-38-aminoazeti-
din-2-one in 10 ml. of dry methylene chloride were
added 142 mg. (0.24 mmole) of 4-[3-(t-butyloxycar-
bamido)-3-(diphenylmethoxycarbonyl)propoxy]-
phenylglyoxylic acid O-acetyloxime and 49.5 mg. (0.24
mmole) of dicyclohexylcarbodiimide and the solution
was stirred for 4 hours at room temperature. The reac-
tion mixture was filtered, evaporated in vacuo and 60
mg. of the product were isolated by preparative thin
layer chromatography over silica gel using ben-
zene:ethyl acetate, 1:1, v:v. The acylation product is
represented by the following formula.

20

25

30

35

40

435

O

|
N—O—C—CH;

O H
¢ ) |
fC“*CH—CHz—CHz"-O C—C~N
oo™ 1, i
= N
& | O
BOC * \
(|3H OCH3>-¢
COOCH;3¢

The acylation product, 60 mg., was dissolved in 2 ml.

65 of trifluoroacetic acid and after the solution was shaken
for 2 minutes at room temperature, it was evaporated in
vacuo. The residue was triturated with diethyl ether
and 36 mg. of the partially deblocked product, 38-[4-(3-
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amino-3-carboxypropoxy)-2-hydroximino-2-
phenylacetamido]-1-[a-(benzyloxycarbonyl)-4- ben-
zyloxybenzyl]azetidin-2-one, were obtained.

The partlally deblocked product, 36 mg., was dis-
solved in 2 ml. of dry methylene chloride with stirring 5
and the solution was cooled to a temperature of about 0°
C. A mixture of 51 mg. of aluminum chloride (0.045
mmole), 48 mg. of anisole (0.415 mmole) and 2 ml. of
nitromethane was added dropwise to the cold solution.
After 15 minutes the reaction mixture was allowed to 10
warm to room temperature and the methylene chloride
and nitromethane were evaporated off in vacuo at room
temperature. Water (14 ml.) was added to the concen-
trate and the pH adjusted to 6.9 with an aqueous solu-
tion of sodium bicarbonate. The aqueous solution was
desalted via column chromatography over charcoal
(Pittsburgh 12-40 mesh). The column was first eluted
with 100 ml. of water to collect fractions 1-14 and then
with 200 ml. of water:acetone:ammonium hydroxide,
100:100:1, v:v:, to collect fractions 15-50. The fractions
were lyophilized.

15

20

Fractions Product

1-14
16-20
21-50

Weight

135 mg.
8 mg.
9.5 mg.

salts
nocardicin
impure nocardicin

25

Broautographs run with the nocardicin product ob-
tained showed the product to be identical with authen-
tic nocardicin. The detecting microorganisms used on
the bioautographs were Serratia marcescens and Bacillus
steriothermophilus.

30

EXAMPLE 3

Alternate Preparation of Oxazoline-Azetidinones in
Aqueous Methanol

A suspension of 500 mg. of the thiazolidine-azetidi-
none, 2-benzoyl-3,3-dimethyl-7-oxo-a-[4-(benzyloxy)-
phenyl]-4-thia-2, 6-d1azabtcyelo[3 2.0]heptane-6-acetic
acid, benzyl ester, in wet methanol was heated on the
steam bath until solution was obtained. Mercuric ace-
tate (600 mg.) was added to the solution and heating
was continued for 10 minutes on the steam bath. The
precipitate which formed was filtered through filter aid,
the filtrate was evaporated to dryness in vacuo and the
residue dissolved in ethyl acetate. The solution was
washed with aqueous sodium bisulfite and due to the
formation of an emulsion, the mixture was filtered
through fiiter aid. The organic layer was separated from
the aqueous layer and was washed with aqueous sodium
bisulfite and with brine and was then dried, treated with
carbon, filtered, and the filtrate evaporated to yield 447
mg. of crude oxazoline. The crude product was purified
via preparative thin layer chromatography on silica gel
plates employing benzene:ethyl acetate (7:3, v:v) for
development and 263 mg. of purified oxazoline, 7-0x0-
3-phenyl-a-[4-(benzyloxy)phenyl]-4-o0xa-2,6-diazabicy-
clo{3.2.0]hept-2-ene-1-acetic acid, benzyl ester, were
obtained.

35

40

45

53

60
EXAMPLE 4

Alternate Preparation of Oxazoline-azetidinone via
3-Acylamino-4a-~Azetidin-2-one

A solution of 222 mg. of 1-[a-(benzyloxycarbonyl)-4-
benzyloxybenzyl]-38-benzoylamino-4a-acetoxyazeti-
din-2-one in 150 ml. of methylene chloride was cooled
to a temperature of about 0° C. and hydrogen chloride

50

65..

‘18

was bubbled  into. the. solution until saturation was
achieved. The reaetlen mixture was. evaporated under
reduced pressure and the residue dissolved in ethyl
acetate. The ethyl acetate solutmn was washed with a
dilute aqueous solution of sodium bicarbonate, was
dried, and then evaporated to dryness to yield 200 mg.
of = 7-0xo0-3-phenyl- a-[4-benzyloxyphenyl]-4-oxa-2,6-
dlazableycle[S 2 O]hept 2-ene-1-aeet1e aeld benzyl es-
ter. . | | -

EXAMPLE 5
_Alternative Preparation of

1- [a (Benzyloxycarbonyl) -4-benzyloxybenzyl]- 3B
aminoazetidin-2-one

To a solutlon of 480 mg. (0.84 mmole) of 1-[a- (ben-
zyloxycarbonyl)-4-benzyloxybenzyl]-38-(a-chloroben-
zylidene)amino-4a-chloroazetidin-2-one prepared as
described by Example 1 in 10 ml. of dry toluene (dried
by distillation over calcium hydride) were added 0.42

~ml. (1.68 mmole) of tri-(n-butyl)tin hydride and 278 mg.

(1.68 mmole) of azobisisobutyronitrile. The reaction
mixture was stirred for one hour at a temperature of
about 70° C. The course of the reaction was followed by
TLC using benzene:ethyl acetate (9:1, v:v). After one
hour the mixture was diluted with ethyl acetate and was
washed successively with an aqueous solution of so-
dium bicarbonate, brine, and with water, was dried and
treated with decolorizing carbon before being evapo-
rated to dryness. The crude residue was triturated with
petroleum ether and isopropyl alcohol.

The crude product mixture was dissolved in diethyl
ether and with stirring hydrogen chloride was passed
over the solution. The product, 1-[a-(benzyloxycar-
bonyl)-4-benzyloxybenzyl]-383-aminoazetidin-2-one hy-
drochloride precipitated from solution. The ether was
decanted and the product was triturated with ether.
The free 33-aminoazetidin-2-one ester was sprung from
the hydrochloride salt with sodium bicarbonate. The
product was purified via preparative TLC (silica gel
plates, benzene:ethyl acetate, 1:1) to afford 11 mg. of the
nucleus amine of the formula

[T
e v G
 COOCH2¢

O
Example 6

HosN

Alternate Preparation of
1-[a-(benzyloxycarbonyl)-4-benzyloxybenzyl]-33-
aminoazetidin-2-one via p-toluenesulfonic Acid Salt

A solution of 480 mg. (0.845 mmole) of 1-[a-(ben-
zyloxycarbonyl)-4-benzyloxybenzyl]-38-(a-chloroben-
zylideneamino)-4a-chloroazetidin-2-one in 10 ml. of dry
toluene was treated with 0.423 ml. (1.69 mmole) tri(n-

butyl)tin hydride and 280 mg. (1.69 mmole) of azobis-

isobutyronitrile and the mixture heated at 70° C. for 1.5
hours. The 1-[a-(benzyloxycarbonyl)-4-benzyloxyben-
zyl]-33-benzylideneaminoazetidin-2-one was recovered
in semi-crude form from the reaction mixture. A third
of the semi-crude product was dissolved in 5 ml. of
ethyl acetate and 57 mg. of p-toluenesulfonic acid
monohydrate were added to the solution. The solution
turned dark yellow immediately. After standing at
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room temperature for about 20 minutes, 65 mg. of 1-[a- 1. The compound of the formula
(benzyloxycarbonyl)-4-benzyloxybenzyl]-3 -
aminoazetidin-2-one p-toluenesulfonate salt crystal- R
lized. The salt was filtered, washed with diethyl ether, 5 )\
and dried. N O

Another batch of the above p-toluenesulfonate salt H
was prepared with additional semi-crude deschloro N;-(': OR,
3B-benzylideneaminoazetidin-2-one and was combined O |

COOR;

with other batches of the same salt. The combined 10
batches of tosylate salt (130 mg.) were dissolved in 5 ml.
of ethyl acetate and the solution was shaken vigorously
In a separatory funnel with 5 ml. of a saturated aqueous

wherein R is C1-Cj3 alkyl, phenyl or benzyl;
R 1s methyl, benzyl, 4-methoxybenzyl, or diphenyl-

luti f sodium bicarbonate. Th 1 methyl; and
solution o SO_ sum bicarponate. e'org'anlc ayer was ¢ R 1s benzyl, 4-methoxybenzyl, or diphenylmethyl.
separated, dried, and evaporated yielding 92 mg. of 2. The compound of claim 1 wherein R is phenyl and
1-[a-(benzyloxybenzyl)-4-benzyloxybenzyl]-38- both R and R; are benzyl.
aminoazetidin-2-one. 3. The compound of claim 2 in the D-configuration.
We claim: A
20
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